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Early planting soybean (Glycine max L.) strategies across the mid-southern
United States has complicated weed management in the form of post-harvest weed
control. Research has investigated the use of cover crops to aid in management of weed
populations during winter months, but conventional cover crops provides minimal weed
management benefit immediately following cash crop harvest. Inter-seeding cover crop
into crop canopies has potential to promote earlier cover crop establishment, thus creating
higher potential for post-harvest weed management. However, factors such as interseeding timing, herbicide residue, as well as harvest aid applications must be considered.
Therefore, studies were conducted in Mississippi in 2017, 2018, and 2019 to determine if
cover crops inter-seeded through soybean could improve weed control used in
conjunction with common management strategies in Mississippi production systems.
Conclusions drawn from these studies indicate inter-seeded cover crops can be utilized in
soybean production systems to improve weed management after harvest.
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CHARACTERIZATION OF BRACHIARIA SPECIES IN A MISSISSIPPI
ENVIRONMENT
Abstract
Adoption of early maturity soybean cultivars across the mid-southern United
States in conjunction with herbicide resistant weed populations has enhanced the need for
post-harvest weed management. Several cover crop species have been investigated to aid
early-season weed control, but few have been evaluated to improve weed control
immediately following soybean harvest. Brachiaria was selected as a possible cover crop
that could potentially provide post-harvest weed suppression. Studies were conducted in
2017 and 2018 in Mississippi State and Brooksville, Mississippi, to investigate
establishment and growth of Brachiaria for value as a post-harvest weed suppression
cover crop in a mid-southern United States environment. Studies included six Brachiaria
cultivars ‘Ruzi’, ‘Basilisk’, ‘Marandu’, ‘Paiaguas’, ‘Piata’, and ‘Toledo’. Differences
among six species/varieties evaluated were ground coverage every 14 days from initial
emergence until 100% ground coverage was achieved and biomass. Additionally, percent
mortality was evaluated after frost to determine the ability of these species to over-winter
and become weedy in nature. Ground coverage results indicated that ‘Ruzi’ produced the
greatest ground coverage at 14 days after planting (DAP) with 13% and continued to
1

produce more ground coverage than all other treatments. By 42 DAP ‘Ruzi’ produced
88% ground coverage. Other varieties that produced high amounts of ground coverage at
42 DAP were ‘Piata’, ‘Toledo’, and ‘Basilisk’ with 70, 63, and 70%, respectively.
Biomass weights indicated ‘Piata’ produced the greatest biomass of 187 g m -2. ‘Basilisk’
was secondary in biomass production with 126 g m-2. All other species/cultivars tested
produced less than 115 g m-2. No differences were observed among species/cultivars with
respect to post-frost mortality with all species resulting in greater than 95% mortality.
Growth habits exhibited by this genus indicated that some cultivars could be considered
as a potential cover crop.
Nomenclature: Soybean, Glycine max (L.) Merr; ‘Ruzi’, Brachiaria ruziziensis;
‘Basilisk’, Brachiaria decumbens var. ‘Basilisk’; ‘Marandu’, Brachiaria brizantha var.
‘Marandu’; ‘Paiaguas’, Brachiaria brizantha var. ‘Paiaguas’; ‘Piata’, Brachiaria
brizantha var. ‘Piata’; ‘Toledo’, Brachiaria brizantha var. ‘Toledo’
Key words: cultural weed management, organic
Introduction
Cultivation of early maturing soybean varieties is a concept widely accepted and
utilized across the southeastern United States (Heatherly 1999). Early planting of these
soybean varieties avoids insect and disease pressure typically encountered at critical
vegetative and reproductive growth stages that occur later in summer with full-season
cultivars. Early maturing soybean cultivars also better utilizes natural rainfall patterns in
the southern U.S., as it is more plentiful during spring and early summer. Additionally,
2

early planting results in harvest coinciding with historically dry intervals (roughly midAugust through early-September); a practice that minimizes complications with grain
moisture and field damage from heavy harvest equipment (Heatherly 1999).
While this system is advantageous with respect to insect and disease management,
it does create other challenges. Early harvest creates an extended duration of bare soil
between harvest and first frost during which summer weeds can emerge and produce
seed. Shaw (1911b) proposed 19 weed management principles in Weeds and How to
Eradicate Them, but three especially pertinent to production of early maturing crop
cultivars: 1.) autumn cultivation; 2.) keep land constantly at work; 3.) soiling (smother)
crops. In the southern U.S., favorable temperatures that can promote weed germination
extend beyond the crop cycle from harvest through mid-October (Steckel et al. 2004).
Extensive research across many decades has been conducted to confirm and quantify crop
yield loss as a result of competition with weed populations (Weber and Staniforth 1957,
Zimdahl 1980, Van Heemst 1985). To aid in avoidance of weed-crop competition,
management of weedy species during post-crop seasons is crucial in preventing seed
deposits to soil weed seed banks (Buhler et al. 1997, Benvenuti et al. 2001, Shaw 1911).
Due to over reliance on herbicides, Mississippi has 23 confirmed herbicide
resistant weeds, including nine species resistant to glyphosate (Heap 2019). Data suggests
increased selection pressure caused by repeated herbicide applications shifts the weed
community from susceptible to resistant populations (Murphy and Lemerle 2006, Prince
et al. 2012). With respect to herbicide resistance, Amaranthus species are among the most
concerning weeds in the mid-south (Schwartz-Lazaro 2018). Members of the Amaranthus
3

genus are highly competitive, have aggressive growth habits, produce millions of seed,
and can be resistant to multiple herbicide modes of action (Heap 2019; Spaunhorst et al.
2018). Recent development of among these species to the protoporhyrinogen oxidase
(PPO) inhibiting herbicide resistance has caused great concern with limited other control
options (Owen and Zelaya 2005; Schwartz-Lazaro et al. 2017). Research has shown
glyphosate, acetolactate synthase (ALS), and PPO inhibitor three-way resistant Palmer
amaranth and waterhemp are developing and could pose substantial threats to chemical
weed control in future years (Legleiter and Bradley 2008; Patzoldt et al. 2005). Recent
development of resistance among Amaranthus species has led to research investigating
methods other than chemical weed control.
Interest and research in use of cover crops as an aid to control these problematic
weeds has reemerged in recent years (Reeves et al. 2005), likely due to increased
prevalence of herbicide resistant weed populations. Among the most common cover
crops, Secale cereale L. (cereal rye) has been preferred to use as a cover crop because of
multiple agronomic and allelopathic advantages; however, due to its growth habit and
planting time, cereal rye has minimal impact to facilitate weed control between harvest
and frost (Snapp et al. 2005). Fall tillage with rye cover crop seeded at 156-187 kg ha -1
was recommended by Shaw (1911a) as a systemic approach to control Canada thistle
(Cirsium arvense) and oxeye daisy (Leucanthmum vulgare) over a century ago. Jordan
and Jordan (1985) stated cover crops are often planted in orchards to compete with
weeds. Cereal rye became increasingly popular as a cover crop following extensive
research in allelopathic leachates produced by rye crops. Cereal rye selections produce
4

multiple acidic leachates that are determined to inhibit root and shoot development in
seedlings of surrounding plant species (Barnes and Putnam 1986, Chou and Patrick 1976,
Reberg-Horton et al. 2005, Shilling et al. 1986). Leachates identified as being produced
by cereal rye reduce weed stand and biomass, thus reducing herbicide selection pressure
(Barnes and Putnam 1983, Tabaglio 2008).
Brachiaria is a genus composed of annual and perennial grasses native to eastern
and central Africa. B. brizantha, B. decumbens, and B. ruziziensis have similar in
taxonomic and growth characteristics. All are described as experiencing active growth in
spring and summer months in the United States. These species are also described as
having rapid stoloniferous growth with a moderate life span and a decumbent orientation.
At full maturity these species have an estimated maximum height of approximately 2 ft.
They have no known allelopathic properties with respect to neighboring plant species and
all are adapted to several soil textures and characteristics (USDA and NRCS 2019).
It was there that several species were first identified for exhibiting growth habits
desirable for use as a pasture grass for grazing livestock (Urio et al. 1988). Research then
began to assess the potential usage of these species as a forage. According to Jank et al.
(2013), the Brachiaria germplasm introduction in Brazil dates to the 1980’s. Because of
the importance of beef production and pasture management in Brazil, Brachiaria spp.
have become an important forage in livestock production systems (Jank et al. 2013).
During its use in Brazilian forage systems, breeding of Brachiaria and the use of
biotechnologies have led to increased selection of desirable characteristics and the
development of highly refined cultivars (Valle et al. 2004; Euclides et al. 2009; Dias5

Filho 2002). Many of these characteristics, such as shade tolerance, indicate these species
may have the ability to serve as a late summer cover crop.
Because of its adaption in South America, there is interest in determining whether
Brachiaria may be a suitable candidate as a post-harvest cover crop in the United States.
Breeding characteristics suggest these species could be highly successful in the
midsouthern United States; however, little research has been done within the United
States to determine if Brachiaria selections are adapted to the region or if they will
possess desirable characteristics as a cover crop. Additionally, because these Brachiaria
are perennial, there are concerns of weediness. Therefore, prior to commercial
introduction as a cover crop, it is crucial to determine whether this species will be
completely terminated by winter frosts. The objective of this study was to describe the
growth habit of several Brachiaria selections in a Mississippi production environment.
We hypothesize that certain Brachiaria selections will establish and undergo extensive
growth suggesting it as a candidate cover crop.
Materials and Methods
Studies were conducted in 2017 at the R.R. Foil Plant Science Research Center,
Mississippi State, MS (-88.781184, 33.470620), and at 2018 at the Black Belt Research
Center near Brooksville, MS (-88.563035, 33.259444), in row crop field environments.
Study locations at Mississippi State were on a Leeper silty clay loam soil (fine, smectitic,
nonacid, thermic vertic epiaquepts) and a Brooksville silty clay soil (fine, smectitic,
thermic aquic hapluderts) at the Brooksville location.
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Plots 0.9 x 1.2 m were arranged in a randomized complete block design with four
replications. Each plot was planted to one of six selections of Brachiaria at a rate of 10
kg ha-1 (770 seed m2) as per recommendation by Brachiaria producers. Seeding rates
were chosen based upon recommendations of producers of these Brachiaria selections.
Six selections were included in this study: Brachiaria brizantha v. ‘Toledo’, Brachiaria
brizantha v. ‘Marandu’, Brachiaria brizantha v. ‘Paiaguas’, Brachiaria brizantha v.
‘Piata’, Brachiaria decumbens v. ‘Basilisk’, and Brachiaria ruziziensis (‘Ruzi’). Seed
were planted and allowed to germinate and grow under natural field conditions with no
supplemental nutrients or irrigation water.
Data collected included visual estimates of percent ground cover every 14 days
from planting until maximum ground coverage was achieved. Visible evaluations were
recorded on a 0 to 100 scale with 0% equal to no ground coverage and 100% equal to
complete ground coverage. Additionally, biomass was collected from a 0.3 m 2 area of the
plot by randomly placing a quadrat within the experimental unit and hand harvesting all
above ground plant matter within the quadrat. Any weedy plant matter within the quadrat
was removed from the sample. Samples were placed in a 60 ℃ dryer for seven d. Then
weights recorded to determine biomass dry matter production. Following the first frost
(U.S. Department of Commerce and NOAA 2019), percent plant mortality was evaluated
and recorded on a 0 to 100% scale with 0 an indication of no plant mortality and 100 of
complete mortality of all Brachiaria plants.
Data were subjected to ANOVA to test significance of main effects using R
(Version 0.98.1091, RStudio Inc., Boston, MA). Where significant effects were observed,
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means were separated using Fisher’s protected LSD (α = 0.05). The main effect of site
year was not significant; therefore, data were pooled across year and sites.
Results and Discussion
Ground Coverage
Rapid germination and establishment were observed for all species tested. ‘Ruzi’
exhibited the fastest establishment rate compared to other species and cultivars with 13%
ground coverage at 14 days after planting (DAP) (Table 1.1). ‘Marandu’, ‘Paiaguas’, and
‘Toledo’ resulted in the slowest establishment rate of the species tested with 6% ground
coverage observed at 14 DAP for each cultivar (Table 1.1).
Biomass accumulation and ground coverage increased over time with ‘Ruzi’ the
only tested candidate that produced greater than 50% ground coverage by 28 DAP
(Table1.1). All other selections produced less ground coverage. For varieties ‘Marandu’
and ‘Paiaguas’, very little ground coverage (7 to 11%) accumulation occurred across the
2-wk period from 14 to 28 DAP, while all other species resulted in considerable gains.
‘Piata’ (44%) produced less ground coverage than ‘Ruzi’ (56%) but more than the other
four species and varieties tested. ‘Basilisk’ produced 30% coverage and ‘Toledo’
produced 23% ground coverage, more ground coverage than ‘Marandu’ at 11% and
‘Paiaguas’ at only 7% (Table 1.1).
‘Ruzi’ was the first selection to reach a ground coverage levels greater than 70%
at 42 DAP (Table 1.1). Selections ‘Basilisk’ and ‘Piata’ produced levels with coverage of
approximately 70% at 70 DAP (Table 1.1). Previous published research suggests that
8

greater levels (>50%) of above ground plant material for cover crops and can result in
increased weed management and main-crop yield (Teasdale 1998, Elkins et al. 1983).
Like ground coverage observations made 28 DAP, ‘Marandu’ and ‘Paiaguas’ varieties
produced much less ground coverage 42 DAP compared to other varieties tested, with
only18 and 9%, respectively.
‘Ruzi’ and ‘Piata’ continued to produce high levels of ground coverage through
56 DAP. ‘Toledo’ exhibited high levels of growth reaching 79% ground cover 56 DAP
(Table 1.1). While producing the least amount of ground coverage, ‘Paiaguas’ and
‘Marandu’ exhibited greater levels of growth during the two-week period between 42 and
56 DAP with coverage values of 56% for each species (Table 1.1). ‘Basilisk’ exhibited
limited growth during the interval between evaluations with minute increases in ground
coverage between the two evaluation observations.
At 70 DAP, ground coverage for species/varieties tested separated into two
groups (Table 1.1). Greater ground coverage producing varieties included ‘Ruzi’, ‘Piata’,
and ‘Toledo’ where ground coverage values were 96, 91, and 88%, respectively (Table
1.1). Varieties ‘Basilisk’, ‘Paiaguas’, and ‘Marandu’ resulted in less ground coverage 70
DAP (74, 73, and 71 %, respectively) (Table 1.1).
Trends in plant growth remained similar for all evaluation intervals from 70 to
126 DAP. At the 126 DAP interval, only one species, ‘Marandu’, produced less biomass
than other varieties tested with ground coverage averaging 90% (Table 1.1). All other
species/varieties produced 98% or greater ground coverage.
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Biomass
Samples taken 84 DAP indicated that no differences existed among species with
respect to biomass weights. Biomass weights ranged from 95 to 187 g m -2 (Table 1.2).
These results indicate a different trend suggested by ground coverage evaluations taken
during the same time where differences were significant. These results indicate that
growth patterns of some varieties such as ‘Marandu’ and ‘Basilisk’ may allocate growth
to more vertical growth rather than lateral; thus, producing less ground coverage
compared to other varieties, but equivalent biomass.
Frost Tolerance
Additionally, it is vitally important that new plant species and selections identified
and recommended for smother or cover crops have minimal risk of evolving into weeds.
As previously stated, these species of Brachiaria have a perennial lifecycle. Because
perennial plants can result in recurring populations by surviving in a dormant state during
unfavorable conditions, it is crucial to confirm that growth of these species, after their use
as a cover crop, is completely hindered. Thus, eliminating the potential for them to
become weedy in nature for subsequent cropping seasons. Mortality ratings
approximately 4 wk after frost events indicated that minimal frost tolerance exists, and
mortality was near complete within these species. There were no differences among
selections of Brachiaria tested for frost tolerance with all species resulting in greater than
95% mortality four weeks after primary frost events (Table 1.2). Therefore, if Brachiaria
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selections are exposed to frost before maturity and seed production, natural recurrence is
unlikely.
Conclusions
Ground coverage evaluations provided evidence of unique growth characteristics
of each selection tested. ‘Ruzi’ demonstrated the most rapid establishment of selections
tested as it produced almost 90% ground cover by 42 DAP but was no different than
‘Piata’ nor ‘Toledo’ by 56 DAT. These three selections remained among the highest
ground coverage producers until 84 DAT. ‘Piata’ also produced the greatest biomass in
samples taken at harvest. Because of their aggressive growth habits and ability to rapidly
produce desirable levels of ground coverage, these two selections may have the highest
potential use as inter-seeded fall cover crops.
‘Basilisk’ exhibited growth early, while producing high levels of ground coverage
quickly through 42 DAP (Table 1.1). However, slower growth for this species was noted
after 42 DAP. ‘Basilisk’ was among the lowest producers of ground coverage at 70 and
84 DAP. However, the potential for ‘Basilisk’ to serve as a fall cover crop remains
plausible as reduced growth beyond 42 DAP would not be observed when used in
cropping systems where termination from frost would occur prior to 42 DAP.
Although Brachiaria brizantha varieties ‘Paiaguas’ and ‘Marandu’ eventually
achieved desirable levels of ground coverage, their use as an inter-seeded fall cover crop
is least favorable. Slow growth 14, 28, and 42 DAP, resulted in these two selections
producing less than 20% ground cover while other selection produced greater than 70%
11

(Table 1.1). These selections do not appear to have the potential to produce enough weed
suppression biomass in the narrow window of short-day length and cooler temperature
typically observed in fall.
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Table 1.1

Percent Ground Coverage of Six Brachiaria Selections in a Mid-Southern
United States Environment.a
Ground Coverage

Crop

b

b

14DAP 28DAP 42DAPb 56DAPb 70DAPb 84DAPb 126DAPb
-------------------------------------------%--------------------------------------

Brachiaria
ruziziensis

13 a

56 a

88 a

93 a

96 a

95 a

99 a

Brachiaria
decumbens
v. ‘Basilisk’

9b

30 c

70 b

71 b

74 b

84 bc

99 a

Brachiaria
brizantha v.
‘Marandu’

6c

11 d

18 c

56 c

71 b

74 c

90 b

Brachiaria
brizantha v.
‘Paiaguas’

6c

7d

9c

56 c

73 b

93 ab

98 a

Brachiaria
brizantha v.
‘Piata’

9b

44 b

70 b

91 a

91 a

95 ab

99 a

Brachiaria
brizantha v.
‘Toledo’

6c

23 c

63 b

79 ab

88 a

92 ab

98 a

a

Means followed by the same letter within a column are not different using Fisher’s
protected LSD (α=0.05).
b
Days after planting.
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Table 1.2

Biomass and Post-Frost Mortality of Six Brachiaria Selections in a MidSouthern United States Environment.a
Crop Response
Mortality 4WAFb
%

Crop

Biomass
G m-2

Brachiaria ruziziensis

109

99

Brachiaria decumbens v.
‘Basilisk’

126

96

Brachiaria brizantha v.
‘Marandu’

115

99

Brachiaria brizantha v.
‘Paiaguas’

95

97

Brachiaria brizantha v.
‘Piata’

187

99

Brachiaria brizantha v.
‘Toledo’

100

99

a

The main effect of variety was not significant in biomass and percent mortality response
using Fisher’s protected LSD (α=0.05).
b
Weeks after frost.
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SHADE TOLERANCE OF MULTIPLE COVER CROP SPECIES
Abstract
Increased herbicide resistance prevalence has forced producers to implement
nonchemical management strategies as part of their integrated weed management
program. Cover crops inter-seeded through cash crops prior to harvest has the potential to
promote early cover crop establishment, thus improving potential for post-harvest weed
management. Light availability below dense crop canopies is limited, which could
impede cover crop establishment and growth. Two studies were conducted in 2018 in
Mississippi State and Brooksville, Mississippi, to evaluate cover crop establishment and
survival in low light environments. Cover crops selected included ‘Elbon’ rye and three
varieties of Brachiaria spp.: B. brizantha v. ‘Toledo’, B. brizantha v. ‘Marandu’, and
Brachiaria ruziziensis (‘Ruzi’). Cover crops were subjected to five levels of shade: 0, 30,
50, 70, 90, and 99%. Cover crops were evaluated for stand establishment and ground
cover every 14 d for 10 wks, and biomass weighted at the end of the 10-wk evaluation
interval. Results indicate all cover crops tested exhibited shade tolerance. At 42 days after
planting (DAP), ‘Ruzi’ produced 97% ground coverage where light reductions did not
occur. However, where light levels were reduced by 65% or more, ground cover was less
extensive. ‘Marandu’ produced 87% ground cover 42 DAP and decreases occurred when
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shade level was below 23% or above 48%. Shade levels required to decrease ground
cover of ‘Toledo’, ‘Marandu’, and ‘Ruzi’ increased 56 and 70 DAP where reduction did
not occur until 50 to 74% light hinderance was achieved. Biomass results were more
indicative of the response crop response to increases in shaded environments. Biomass of
‘Ruzi’ was reduced in environments of >6% shade. Maximum biomass for ‘Marandu’
and ‘Toledo’ was observed in the range of 6 to 36% shade ranges. Density results
indicate that tolerance of Brachiaria species to shading extend to 70 to 84% shade. A
positive relationship between stand of ‘Elbon’ rye and shade was observed where
maximum stand occurred when levels of 61 to 99% shade were present.
Nomenclature: ‘Elbon’ rye, Secale cereale L.; ‘Toledo’, Brachiaria brizantha var.
‘Toledo’; ‘Marandu’, Brachiaria brizantha var. ‘Marandu’; ‘Ruzi’, Brachiaria
ruziziensis
Keywords: Key words: cultural weed management, organic
Introduction
A unified theory of plant shade tolerance is incomplete although, research has
been conducted for decades exploring plant response to low light conditions. Shade
tolerance is the minimum light intensity in which a plant can survive. Shade tolerance
encompasses many plant and environmental factors that influence the plant’s response to
changes in light availability. These factors make specific shade tolerances dynamic
among species (Valladares and Niinemets 2008).
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Competition for light, such as other plants, play a large role in influencing
establishment of underlying plants in a stratified canopy. As soybean (Glycine max) grow
toward maturity, leaf area index increases to increase light interception (Wiles and
Wilkerson 1991). Soybean can produce a dense canopy prior to maturity, which
combined with narrow row width can substantially reduce light penetration to the soil
surface, thereby, impacting mid-season weed growth. At soybean canopy closure, weed
control is enhanced due to limited light availability to weedy species below the crop
canopy.
Crop row spacing and planting population affect light availability below the
canopy and influences weed control. Yelverton and Coble (1991) concluded that as row
spacing increased, the resurgence of weed populations during crop growth also increased.
Additionally, Knezevic et al. (2003) determined soybean planted in wide rows have less
tolerance to weed competition to soybean planted in narrow rows. This reduction in
tolerance is related to the increased duration of competitive interference prior to soybean
canopy closure.
Low light conditions beneath the mature soybean canopy are advantageous for
weed control but can limit establishment of inter-seeded cover crops (Baributsa et al.
2008). Like all plants, cover crops require specific thresholds of intercepted light to
establish and thrive. Two Brachiaria species, Brachiaria brizantha and Brachiaria
humidicola, maintain good growth rates at lowlight conditions (Dias-Filho 2002). While
research supports shade tolerance for Brachiaria species (Dias-Filho 2002; Guenni et al.
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2008; Stür 1990; Valladares and Niinemets 2008), knowledge of other potential interseeded cover crops shade tolerance is limited.
The objective of this study was to determine the shade tolerance of several
Brachiaria species and cereal rye (Secale cereale L.). It is hypothesized that peak plant
growth will be observed when no shade is present, and limits of reduced light exist where
plant growth will be hindered. Results of this study are expected to identify cover crops
that can be recommended for inter-seeding in row crop canopies.
Materials and Methods
Studies were conducted at the R.R. Foil Plant Research Science Center in Starkville,
Mississippi (-88.781184, 33.470620), and the Black Belt Research Center near
Brooksville, Mississippi in 2018 (-88.563035, 33.259444). The study location in
Starkville was a Leeper silty clay loam soil (fine, smectitic, nonacid, thermic vertic
epiaquepts) and at Brooksville a Brooksville silty clay soil (fine, smectitic, thermic aquic
hapluderts).
Plots, 0.9 x 1.2 m in size, were arranged in a randomized complete block design
with four replications and a factorial arrangement of treatments. Factor A consisted of
four cover crops: Brachiaria brizantha v. ‘Toledo’, Brachiaria brizantha v. ‘Marandu’,
Brachiaria ruziziensis (‘Ruzi’), and ‘Elbon’ rye. Factor B consisted of five levels of
shade: 0, 30, 50, 70, 90, and 99% shade.
Plots were seeded at a rate of 10 kg ha-1 (770 seed m2) for Brachiaria species and
134 kg ha-1 (535 seed m2) for ‘Elbon’ rye. Plots were broadcast by hand as a seed: dry
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sand mixture (1:10 w/w) to ensure even seed distribution. After seeding, plots were
covered with shade cloth with the prescribed levels of shading. Shade cloth structures
were erected using wooden stakes in the corners of each experimental unit. Shade
structures were 0.9 m wide by 1.2 m long by 1.2 m tall.
Percent ground coverage was visibly estimated every 14 days for 10 weeks on a 0
to 100% scale, where 0 equals no ground coverage and 100 equals complete ground
coverage. Plant density of each cover crop was also recorded 14 DAP by randomly
placing a 1/3 m2 quadrat within each experimental unit and counting number of emerged
plants within the quadrat. Additionally, biomass was collected 10 wks after planting from
a random 0.3-m2 quadrat within each plot. All above ground plant matter within the
quadrat was harvested and weedy plant material was removed from the sample. Fresh
weights were recorded, and samples were placed in a dryer at 60 ℃ for seven days prior
to recording dry weights. Because ‘Elbon’ rye is a cool season species, treatments planted
in that species were only evaluated for stand establishment 14 days after planting (DAP).
Data were analyzed using R (version 0.98.1091, RStudio Inc., Boston, MA) and
subjected to non-parametric local regression using the Loess function. The resulting
curve and confidence bands were used to estimate points of interest. Points of interest
include estimating the maximum response value then using 95% confidence bands to
estimate a range of shade environment in which maximum response occurs.
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Results and Discussion
The main effect of location was not significant. Therefore, data was pooled across
locations. Interaction between cover crop and shade level was significant; therefore, data
for each cover crop was subset into individual datasets. Non-parametric local regression
was then used to analyze individual crop response to shade.
Stand Establishment
Densities of cover crops indicated that ‘Toledo’, ‘Marandu’, and ‘Ruzi’ resulted
in similar establishment rates. Maximum crop establishment for the three selections of
Brachiaria tested ranged from 23 to 27 plants m-2 (Figure 2.1). However, shade ranges
where maximum establishment occurred were different among cover crops.
‘Marandu’ produced a maximum crop establishment of 23 plants m -2 (Figure 2.1).
Optimum shade for ‘Marandu’ ranged from 29 to 77% shade (Table 2.1). Similarly,
‘Ruzi’ had an estimated maximum crop establishment of 27 plants m -2 which occurred in
shade levels from 17 to 70% (Figure 2.1). ‘Toledo’ had a similar establishment rate of 25
plants m-2, but shade tolerance was greater and occurred in a narrower range (55 to 84%)
of percent shade compared to other Brachiaria spp. (Figure 2.1). ‘Toledo’ establishment
decreased at shade levels equal to or below 55% or equal or above 84%.
Based upon the regression curve, establishment of ‘Elbon’ rye was estimated to
have a maximum value of 60 plants m-2. Maximum establishment occurred with greater
levels of shade 66 to 99% compared to the Brachiaria selections.
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Ground Coverage
At 42 DAP, all Brachiaria selections were greater than 70% ground coverage
(Figure 2.2). However, the range of shade in which each species produced maximum
ground coverage differed, thus an indication that shade tolerance differs among selections
of this genus.
‘Toledo’ produced the least ground coverage at 42 DAP at 79%. Additionally, this
selection exhibited the lowest level of shade tolerance as ground cover decreased in shade
of 40% or greater. Decreases in ground coverage were also observed when shade levels
were less than 12%.
‘Marandu’ treatments resulted in greater ground coverage compared to the
‘Toledo’ with an estimated maximum ground coverage of 87% (Figure 2.2). Like
‘Toledo’, ‘Marandu’ had a relative narrow range (23 to 48%) of shade in which
maximum ground coverage was produced (Table 2.2).
‘Ruzi’ produced near complete ground coverage at 42 DAP with an estimated at
97% (Figure 2.2). This selection tolerated the broadest range of shade in which maximum
ground coverage was produced. ‘Ruzi’ maintained near complete ground cover in
environments of up to 65% shade existed (Figure 2.2). Unlike other Brachiaria selections
at 42 DAP, ground coverage of ‘Ruzi’ did not decrease as level of shade decreased
(Figure 2.2).
All Brachiaria spp. produced near complete ground coverage 56 DAP with
maximum values estimated at 90% or greater (Figure 2.3). Increased light tolerance was
observed for ‘Marandu’, ‘Ruzi’, and ‘Toledo’, where reduced ground coverage did not
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occur in environments of up to 54, 74, and 69% shade, respectively (Table 2.2).
Decreased ground coverage was observed only as shade levels increased above these
levels (Figure 2.3).
Like 42 DAP, ‘Toledo’ produced the least amount of ground coverage compared
to other Brachiaria spp. Maximum ground coverage was estimated at 90% in
environments where levels of shade ranged from 0 to 69% (Table 2.2).
‘Ruzi’ and ‘Marandu’ produced similar levels of near complete coverage 56 DAP
(100 and 98% respectively) (Figure 2.3). ‘Ruzi’ shade tolerance was slightly greater with
maximum coverage in low light environments ranges from 0 to 74% shade. ‘Marandu’
exhibited the least amount of shade tolerance with maximum ground coverage decreasing
in environments with 54% or greater shade.
Ground coverage at 70 DAP maintained maximum levels of near complete
coverage as all Brachiaria selections produced greater than 95% ground coverage (Figure
2.4). Ranges that resulted in maximum ground coverage did not differ between 56 and 70
DAP (Table 2.2).
Biomass
Biomass production was impacted more by light levels compared to percent
ground coverage. Shade ranges for optimum biomass accumulation were narrower and
much lower compared to tolerance levels observed in ground coverage evaluations
(Figure 2.5).
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‘Toledo’ resulted in the lowest biomass production compared to other Brachiaria
selections. Maximum biomass with ‘Toledo’ was estimated to be 110 g m -2. Additionally,
results indicate conditions in which shade is less than 6% or greater than 34%, biomass
production was reduced (Table 2.1).
‘Marandu’ produced greater biomass compared to ‘Toledo’. Maximum biomass
accumulation for ‘Marandu’ was estimated to be 176 g m -2. Also, compared to ‘Toledo’,
shade tolerance was greater for ‘Marandu’. Data indicate that increasing shade to 36% or
greater resulted in reduced biomass. Additionally, shade level increased to >12%,
biomass decreased from the maximum estimated value.
‘Ruzi’ produced the highest estimated biomass of the Brachiaria selections tested.
Maximum biomass production was estimated to be equivalent to 278 g m -2 in full light
environments. Though it is the most prolific biomass producer, ‘Ruzi’ had the most rapid
biomass reduction compared to other Brachiaria selections tested in response to
reduction in light presence. Results from this study indicates shade as low as 6% reduced
biomass production by ‘Ruzi’.
Conclusion
Of the selections tested, there is evidence that all species possess some levels of
shade tolerance. All selections of Brachiaria can achieve desirable levels (>70%) of
ground coverage to be used as inter-seeded cover crops.
These data indicate ‘Ruzi’ has the best potential as in inter-seeded cover crop due
to the greatest ground coverage by 42 through 70 DAP in shaded environments.
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Additionally, ‘Ruzi’ appeared to be the most versatile respect to light levels as ground
cover in environments with high light intensity caused no decrease in coverage or
biomass; the same was not true for other Brachiaria cultivars tested at 42 DAP.
Not only does this research provide evidence of shade tolerance of Brachiaria
selections, but it concludes that for some responses, increase in shade levels are
beneficial to plant growth. These findings are supported by Guenni et al. (2008), who
concluded that shade as a single factor can be beneficial in growth and establishment of
three different Brachiaria species. Positive relationships in shaded environments may be
explained by the hypothesis of increased N availability in soils where shady
environments exist (Wilson 1990). Increased response of these species to shade could
also be a result of increased soil moisture due to lack of direct sunlight and lower soil
temperatures. Literature suggests that germination and establishment of other closely
related grass species increase when exposed to more moderating temperatures ranging
from 20 to 30 ℃ (Burke et al. 2003).
With respect to increased sensitivity of biomass accumulations to low light
conditions, conclusions reached by Dias-Filho (2002) stated that under low light
conditions, Brachiaria species undergo increased leaf elongation and a reduction in
resource allocation to lower biomass accumulation. A decline in biomass production
could be attributed to etiolated growth by emerging seedlings due to light inhibition
(Kami et al. 2010).
Increases in ‘Elbon’ rye stand establishment in low light environments could be
evidence for some shade tolerance. However, ‘Elbon’ rye is a cool-season species.
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Therefore, decreased soil temperature and increased soil moisture could also be possible
sources of increased establishment in shaded environment.
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Table 2.1

Level of Shade Needed to Achieve Maximum Density and Biomass in
Brachiaria Selections and ‘Elbon’ rye.
Shade level resulting in maximum responsea
Selectionb

Biomass

Density

---------------------------------%-------------------------------B. brizantha var.
12-36

29-77

B. ruziziensis

0-6

17-70

B. brizantha var. ‘Toledo’

6-34

55-84

Secale cereale

-

61-99

‘Marandu’

a

Intervals derived using local non-parametric regression to estimate points of interest
with 95% confidence.
b
Each selection was planted in an individual treatment with one of five assigned shade
levels: 0, 30, 50, 70, 90, and 99%.
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Table 2.2

Level of Shade Needed to Achieve Ground Coverage in Three Brachiaria
Selections.

Selections

b

Interval of shade to maximum ground coveragea
42DAPc
56DAPc
70DAPc
-----------------------------------%---------------------------------

B. brizantha var.
23-48

0-54

0-50

B. ruziziensis

0-65

0-74

0-73

B. brizantha var. ‘Toledo’

12-40

0-69

0-69

‘Marandu’

a

Intervals derived using local non-parametric regression to estimate points of interest
with 95% confidence.
b
Each selection was planted in an individual treatment with one of five assigned shade
levels: 0, 30, 50, 70, 90, and 99%.
c
Days after planting.
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Figure 2.1

Crop Stand Response at 14 DAP to Increasing Shade Levels

A – Brachiaria brizantha var. ‘Marandu’. B – Brachiaria ruziziensis. C – Brachiaria
brizantha var. ‘Toledo’. D – Secale cereale L.
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Figure 2.2

Ground Coverage Response of Three Brachiaria Cultivars at 42 DAP to
Increasing Shade Levels

A – Brachiaria brizantha var. ‘Marandu’. B – Brachiaria ruziziensis. C – Brachiaria
brizantha var. ‘Toledo’.
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Figure 2.3

Ground Coverage Response of Three Brachiaria Cultivars at 56 DAP to
Increasing Shade Levels

A – Brachiaria brizantha var. ‘Marandu’. B – Brachiaria ruziziensis. C – Brachiaria
brizantha var. ‘Toledo’.
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Figure 2.4

Ground Coverage Response of Three Brachiaria Cultivars at 70 DAP to
Increasing Shade Levels

A – Brachiaria brizantha var. ‘Marandu’. B – Brachiaria ruziziensis. C – Brachiaria
brizantha var. ‘Toledo’.
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Figure 2.5

Biomass Response of Three Brachiaria Cultivars at 70 DAP to Increasing
Shade Levels

A – Brachiaria brizantha var. ‘Marandu’. B – Brachiaria ruziziensis. C – Brachiaria
brizantha var. ‘Toledo’.
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EFFECT OF PLANTING METHOD AND TIMING ON COVER CROP
ESTABLISHMENT AND WEED SUPPRESSION
Abstract
Systems utilizing early planting of soybean have become increasingly popular.
While this system is advantageous in other forms of pest management, it creates issues
associated with management of post-harvest weed emergence. Research has investigated
the use of cover crops to aid in management of weed populations during winter months
into following seasons, but conventional cover crop planting offers little aid in weed
management immediately following main crop harvest. Studies were conducted in 2017,
2018, and 2019 to evaluate several cover crop species when inter-seeded through a
soybean canopy throughout the cropping season. Treatments included ‘Elbon’ rye and
two Brachiaria cultivars: ‘Ruzi’ and ‘Basilisk’. Cover crops were planted in one of five
methods/timings including broadcast inter-seeding at R3, R5, and R7 soybean growth
stages, broadcast post-harvest, and drilled post-harvest. Evaluations of cover crops
included ground cover and waterhemp control every 14 days from harvest until frost.
Additionally, biomass for each treatment was collected immediately prior to frost and the
following spring. Results indicate that treatments of ‘Elbon’ rye resulted in the greatest
amount of ground cover when inter-seeded at the R7 timing where 33% ground cover
was observed 14 days after harvest (DAH). ‘Elbon’ rye drilled produced 19% ground
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coverage 14 DAH. All other crop by planting method/timing combinations resulted in
10% or less ground coverage at14 DAH. Like ground coverage evaluations, control of
waterhemp was greatest in ‘Elbon’ rye treatments inter-seeded at the R7 timing or drilled
post-harvest where control values were 56 and 59%, respectively. Post-harvest broadcast
seeded ‘Elbon’ rye produced 31% waterhemp control. All other cover crop and planting
method/timings resulted in 10% or less control.
Nomenclature: Soybean, Glycine max (L.) Merr; waterhemp, Amaranthus tuberculatus
J.D. Sauer; ‘Elbon’ rye, Secale cereale L.; ‘Ruzi’, Brachiaria ruziziensis; Baslilisk,
Brachiaria decumbens var. ‘Basilisk’
Keywords: Cover crops, cultural weed management, organic
Introduction
Early planting strategies in soybean (Glycine max) production adds additional
concerns of controlling post-harvest emerging weeds. Unfortunately, many late
germinating weed species are herbicide resistant, thus complicating weed management
systems. According to the International Survey of Herbicide Resistant Weeds (Heap
2019), Mississippi currently has 23 herbicide resistant weeds including ten species
resistant to glyphosate. While many weed species exhibit resistance to multiple modes of
action, most can be controlled efficiently (Ramesh 2015). According to a recent survey
(Schwartz-Lazaro et al. 2018), Amaranthus species, specifically Amaranthus palmeri S.
Watson (Palmer amaranth) and Amaranthus tuberculatus J. D. Sauer (waterhemp), are
the most problematic weed species in the midsouthern United States. These species are
highly competitive, exhibit aggressive growth, produce millions of seeds, and can be
resistant to multiple herbicide modes of action (Heap 2018; Spaunhorst et al. 2018).
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Limited chemical control options for weeds resistant to multiple herbicides can result in
over-reliance of remaining herbicide chemistries or mandate other methods of
management.
Environmental factors that favor germination, such as temperature, can contribute
to increased weed control issues. Steckel et al. (2004) found when temperatures reach 20
to 35℃ amaranth germination ranged from 33 to 53%. In Mississippi, temperatures
average above 20℃ through October, creating a two-month long window conducive for
germination, maturation, and seed production by Amaranthus following harvest (National
Weather Service 2018). Viable seeds deposited in the soil weed seed bank become an
issue during later crop production systems (Benvenuti et al. 2001). Robbin (1927) stated
tall pigweed seed remained viable in the soil seed bank 15 to 30 years.
Research has been conducted to quantify yield and biomass losses caused by
interspecific competition between weed and crop (Park et al. 2003). Klingaman et al.
(1994) determined that 10 Palmer amaranth plants per row m, reduces soybean yield by
68%. At lower densities, Klingman found soybean yield reductions of 17%. Bensch et al.
(2003) also noted high yield reductions caused by several amaranth species. Palmer
amaranth, common waterhemp, and redroot pigweed established at densities of 8 plants
meter-1 of row caused 79, 56, and 38% soybean yield loss, respectively.
To reduce weed impact on soybean yield, critical weed free periods have been
determined to aid weed control timing (Acker et al. 1993; Green-Tracewicz et al. 2012;
Kasasian and Seeyave 1969; Knezevic et al. 2002). While critical weed free periods are
dynamic among different crops and weed populations, weed free periods for soybean
typically last from the second node growth stage (V2) to beginning of pod development
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(R3) (Acker et al. 1993). If kept weed free during these stages, Acker concluded that
soybean yield loss from weed competition would be limited to 3%.
To aid in control of problematic weed species, research has re-focused on weed
control contributions of cover crops. Shaw (1911) suggested the use of smother crops as
well as continual crop cultivation as two components of weed management. One of the
most ubiquitous cover crops used in the United States is cereal rye (Secale cereale L.).
Cereal rye offers many advantages as a cover crop including allelopathic characteristics
preventing emergence of other plant species (Barnes and Putnam 1983, Schulz et al.
2013, Shilling et al. 1986). However, cereal rye is a cool season plant; establishment is
not typically done until October to November or later; therefore, this species rarely offers
aid in post-harvest weed control. To overcome a narrow timing interval of late summer
cover crop establishment for post-harvest weed control, research has been conducted
extensively over the past decades exploring options of inter-seeding cover crops (Singer
and Cox 1998, Scott et al. 1987, Johnson et al. 1998). Though extensive research in interseeding cover crop exists in the upper Midwest regions, popularity of the practice has not
spread to the midsouthern United States.
While inter-seeding cover crops has shown to increase and expedite cover crop
establishment, concerns of crop competition and yield reduction are warranted. Uchino et
al. (2009) determined that maximum cover crop establishment occurs with earlier
planting dates coinciding with the primary crop. However, increases in interspecific
competition between primary and cover crops lead to yield reductions within the main
crop. Therefore, it is crucial that establishment of inter-seeded cover crops in soybean
target intervals following the critical weed free period suggested by Acker et al. (1993).
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This study was conducted to demonstrate the effectiveness of several cover crop
selections of Brachiaria and ‘Elbon’ rye inter-seeded into soybean canopies in the
midsouth environment. It is hypothesized a combination of cover crop species and interseeding timing will result in a well-established cover crop system that provides enough
ground coverage to suppress weed growth after soybean harvest.
Materials and Methods
Studies were conducted in 2017, 2018, and 2019 at the R.R. Foil Plant Science Research
Center in Mississippi State, Mississippi (-88.781184, 33.470620), and the Black Belt
Research Center near Brooksville, Mississippi (-88.563035, 33.259444). Study locations
at Starkville were on a Leeper silty clay loam soil (fine, smectitic, nonacid, thermic vertic
epiaquepts) and Brooksville silty clay soil (fine, smectitic, thermic aquic hapluderts) at
the Brooksville location.
Plots 5.5 by 12.2 m were arranged in a randomized complete block design with
four replications. All plots were planted to ASGROW 46x6, maturity group 4 soybean at
321,000 seed ha-1.
Treatments included two factors: cover crop selection and planting
method/timing. Factor A consisted of three cover crop species: ‘Elbon’ rye, Brachiaria
ruziziensis (‘Ruzi’), and Brachiaria decumbens v. ‘Basilisk’. Factor B consisted of five
cover crop planting method/timing based on soybean crop maturity: broadcast at R3,
broadcast at R5, broadcast at R7, broadcast after harvest, drilled after harvest.
Additionally, a non-treated check was included for comparisons. Time of seeding were
based on critical weed free periods of soybean to avoid yield loss as a result of
interspecific competition (Acker et al. 1993). Brachiaria and ‘Elbon’ rye were planted at
42

a rate of 10 (770 seed m2) and 135 kg ha-1 (535 seed m2), respectively. For all broadcast
treatments of Brachiaria, 1:13 ratios of seed to sand weight mixture was used to ensure
even seed distribution throughout the plot. Cover crop seed were broadcast with manually
operated rotary spreader of premeasured weights of seed per plot until all seed were
distributed. Drilled treatments were planted with a Great Plains seed drill (Great Plains
Ag, Salena, KS, USA) calibrated to achieve target plant populations for each species.
Evaluations consisted of visual estimates, percent ground coverage and weed
control every 14 days from harvest until first frost. Ground coverage ratings were
recorded on a 0 to 100 scale with 0 equivalent to no visible ground cover by the cover
crop and 100 equal to complete coverage. Visual control of Amaranthus spp. were taken
on a similar 0 to 100 scale to with 0 an indication of no control and 100 equivalent to
complete Amaranth control. Additionally, biomass samples were collected from each plot
prior to first frost. Biomass was obtained by randomly placing a 1/3 m 2 quadrat within
each plot. All above ground cover crop material within the quadrat was hand harvested,
placed in paper bags, and dried at 60℃ for 7 days prior to recording dry weights. First
frost, according to National Weather Service parameters (US Department of Commerce
and NOAA NWS 2019), for each year occurred 30 to 40 days after harvest; therefore, an
additional ground coverage rating was conducted immediately following first frost to
evaluate maximum ground coverage produced by Brachiaria where growth was
terminated because of lack of frost tolerances. Ground coverage ratings and biomass
measurements were repeated the following spring to evaluate cover crop abilities to
maintain biomass over winter periods.
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Data were analyzed and subjected to analysis of variance using R (version
0.98.1091, RStudio Inc., Boston, MA). The main effect of site-year was not observed as
significant; therefore, data were pooled across location and year. Significance was
observed for the main effect of cover crops by planting method/timing interaction;
therefore, individual means of combinations of the two factors were separated using
Fisher’s protected LSD with α level of 0.05.
Results and Discussion
Densities
Results from cover crop densities indicate ‘Elbon’ rye emerged better than
Brachiaria selections (Table3.1). However, higher densities were expected in treatments
of ‘Elbon’ rye due to higher seeding rates. Post-harvest drilled treatments of ‘Elbon’ rye
resulted in the greatest density with 31 plants m-2 (Table 3.1). ‘Elbon’ rye broadcast at R7
soybean growth stage and post-harvest resulted in lower densities, 22 and 17 plants m -2
respectively, compared to drilled treatments with the post-harvest interval resulting in
fewer emerged plants than the R7 timing (Table 3.1). All other planting timings of
‘Elbon’ rye and Brachiaria produced 2 or fewer plants m-2.
Ground Coverage
Evaluations 14 days after soybean harvest (DAH) show that ‘Elbon’ rye interseeded at the R7 stage of soybean resulted in the greatest level of ground coverage of
33% (Table 3.2). Secondary to R7 timing, treatments where ‘Elbon’ rye was drilled postharvest resulted in 19% ground coverage (Table 3.2). ‘Ruzi’ produced less ground
coverage than ‘Elbon’ rye with R3 and R5 planting timings resulting in 10 and 5%
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ground coverage, respectively (Table 3.2). Ground coverage values of R3 planting
timings for ‘Ruzi’ were greater than planting timings at the R5 soybean growth stage
(Table 3.2). ‘Basilisk’ produced 5% ground coverage when planted at the R3 soybean
growth stage which was greater than all post-harvest and R7 planting timings of both
Brachiaria species, as well as ‘Elbon’ rye planted at R3 and R5 soybean growth stages
and the untreated check (Table 3.2).
‘Elbon’ rye inter-seeded at the R7 soybean growth stage and post-harvest drilled
treatments resulted in 55 and 61% ground coverage, respectively (Table 3.2). Though less
than R7 and post-harvest drilled treatments, ‘Elbon’ rye broadcast post-harvest produced
38% ground coverage 28 DAH (Table 3.2). All other cover crops and planting
methods/timings produced ground coverage values of 12% or less (Table 3.2).
First frost events occurred on October 29, 2017, studies and November 10, 2018.
At frost, ‘Elbon’ rye treatments produced the most ground coverage compared to other
cover crop species tested. Post-harvest drilled treatments of ‘Elbon’ rye out performed all
other treatments other than ‘Elbon’ rye inter-seeded at the R7 soybean growth stage with
a ground coverage value of 71% (Table 3.2). Broadcast treatments of ‘Elbon’ rye sown at
R7 soybean growth stage and post-harvest timings also produced 64 and 63% ground
coverage, respectively. All other crop species and planting timing combinations tested
produced less than 30% ground coverage Table 3.2).
As expected, ground coverage for ‘Elbon’ rye increased during the winter months.
Near complete ground cover at 96% was achieved by ‘Elbon’ rye that was drilled
following soybean harvest the previous year (Table 3.2). Broadcast treatments of ‘Elbon’
rye at R7 and post-harvest intervals did not exhibit similar growth patterns as little
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increase in ground coverage through the winter months was observed (Table 3.2).
Although minimal, Brachiaria species were able to maintain plant matter biomass that
was accumulated during the fall (Table 3.2).
Amaranth Control
Tall waterhemp control had a positive relationship with ground coverage
produced by cover crops (Akemo et al. 2000). Waterhemp control 28 DAH was highest
in treatments where ‘Elbon’ rye was drilled post-harvest and inter-seeded at the R7
soybean growth stage with 59 and 56% control, respectively (Table 3.1). Post-harvest
broadcast treatments of ‘Elbon’ rye were the only remaining treatments that produced
moderately increased levels of weed control with 31% waterhemp control (Table 3.1).
‘‘Ruzi’’ and ‘Basilisk’ inter-seeded at the R3 growth stage and ‘Ruzi’ inter-seeded at the
R5 soybean stage resulted in 10, 6, and 7% waterhemp control, respectively, and were
greater than the untreated check where no control was observed (Table 3.1). All other
planting timings of ‘Elbon’ rye and all planting methods/timings of Brachiaria resulted in
10% or less waterhemp control 28 DAH and were not different from the untreated check
(Table 3.1).
Biomass
Biomass samples taken just prior to frost during fall months indicated interseeding timings of ‘Ruzi’ resulted in the greatest amounts of biomass. ‘Ruzi’ planted at
the R3 and R5 growth stages resulted in 18 and 28 g m -2 respectively (Table 3.1). All
other crop species by planting timing/method resulted in 7 g m -2 or less biomass (Table
3.1). Trends in fall biomass results (Table 3.1) are not similar to results from ground
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coverage ratings, where ‘Elbon’ rye treatments were more prolific producers of ground
coverage at later evaluation dates (Table 3.2). This may be a direct result of seeding rate.
While above ground biomass accumulation is greater for Brachiaria species on a m2
basis, densities of Brachiaria (Table 3.1) would indicate biomass accumulation is
sporadically distributed throughout the experimental unit. Although fall biomass results
indicated lower values for ‘Elbon’ rye, density results indicated that biomass
accumulation was more evenly distributed, resulting in greater ground coverage.
Spring biomass results indicated increases in above ground biomass where
‘Elbon’ rye treatments produced satisfactory fall establishment. Post-harvest drilled
planting methods of ‘Elbon’ rye resulted in the greatest biomass of all treatments at 62g
m-2 (Table 3.1). ‘Elbon’ rye broadcasted at the R7 soybean growth stage and post-harvest
interval also produced notable biomass with values of 52 and 48g m -2 (Table 3.1).
Treatments of ‘Ruzi’ that were leading biomass producers in the fall when planted at R5
and R3 soybean growth stage, maintained much of their biomass over the winter to result
in only slightly less biomass during the spring (Table 3.1). All other treatments of
planting timing/method and species combination produced less than 5g m -2 biomass
(Table 3.1).
Conclusion
Brachiaria species evaluated as a fall cover crop in soybean did not provide
desirable results to consider as a potential candidate cover crop. One caveat, however, is
biomass evaluations prior to frost where ‘Ruzi’ produced the greatest amount of above
ground biomass. However, as previously stated, when a holistic approach is used to
evaluate these results, the dominant biomass production of ‘Ruzi’ was concentrated into
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an irregular distribution pattern of cover crop throughout the plot area; therefore, ground
coverage and weed suppression were less than desirable and it can be determined that
Brachiaria species were not a successful cover crop when subjected to the parameters of
this study.
‘Elbon’ rye treatments show promising results as a potential candidate for a fall
cover crop. Although drilled treatments resulted in greater values for later evaluations,
treatments of ‘Elbon’ rye inter-seeded at the R7 soybean growth stage resulted in greater
ground coverage for time intervals immediately following soybean harvest. The R7 interseeded treatments were not different from drill treatments in any other ground coverage
evaluation or waterhemp control for the remainder of the fall months. This suggests that
inter-seeding ‘Elbon’ rye at the R7 soybean growth stage, would be the most logical
option of species by planting method/timing combinations tested. This option allows for
the utilization of some weed suppression during post-harvest fall intervals, as well as the
advantages associated with using wintering species as a cover crop. These results are
complemented by Uchino et al. (2009), who concluded that cover crops over seeded after
main crop planting increased weed suppression and had no adverse effects of main crop
yield. Additionally, Johnson et al. (1998) determined that rye inter-seeded through
soybean canopies had no detrimental effect on soybean yield.
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Table 3.1

Stand, Biomass, and Amaranth Control Produced by Multiple Cover Crops
with Varying Planting Methods/Timings.a

Cropb

Planting Timingc

‘Basilisk’e

R3

‘Elbon’ ryee

‘Ruzi’e

Stand
Plants m-2
1d

Crop
Response
Fall
Spring
Biomass Biomass
------g m-2-----3d
1e

Amaranth
Control
28 DAHd
%
6 cde

R5
R7
Post-harvest
broadcast
Post-harvest drilled

1d
2d
1d

7c
0d
0d

3e
0e
0e

3 def
2 ef
0f

1d

0d

0e

2 ef

R3
R5
R7
Post-harvest
broadcast
Post-harvest drilled

0d
1d
21 b
17 c

0d
0d
2d
3d

0e
0e
52 b
48 b

0f
1f
56 a
31 b

31 a

7c

62 a

59 a

R3
R5
R7
Post-harvest
broadcast
Post-harvest drilled

2d
2d
2d
0d

18 b
28 a
2d
0d

15 d
26 c
1e
0e

10 c
7 cd
2 ef
0f

1d

0d

1e

1f

Untreated
0d
0d
0e
0f
Check
a
Means followed by the same letter within a column are not significantly different using
Fisher’s protected LSD (α=0.05).
b
All combinations of crop and planting method/timing were planted as separate
treatments.
c
Planting timings based on soybean crop growth stage. R3, R5, and R7 timings were
broadcasted in-canopy.
d
Days after harvest.
e
‘Elbon’ rye, Secale cereale; ‘Ruzi’, Brachiaria ruziziensis; ‘Basilisk’, Brachiaria
decumbens var. ‘Basilisk’.
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Table 3.2

Post-Harvest Ground Coverage Produced by Multiple Cover Crops with
varying Planting Methods/Timings.a
Ground Coverage
14
28
DAHd
DAHd At Frost Spring
-------------------------%--------------------

Cropb

Planting Timingc

‘Basilisk’e

R3

5d

8 cde

12 d

13 d

R5

2 de

4 def

4e

4 ef

R7

0e

2 ef

3e

3f

Post-harvest broadcast
Post-harvest drilled

0e
0e

0f
2 ef

0e
0e

0f
0f

R3
R5

0e
1e

0f
2f

0e
2e

0f
2f

R7

33 a

55 a

64 ab

76 b

Post-harvest broadcast

0e

38 b

63 b

68 b

Post-harvest drilled

19 b

61 a

71 a

96 a

R3
R5

10 c
5d

12 c
9 cd

28 c
12 d

28 c
12 de

R7
Post-harvest broadcast

0e
0e

3 ef
0f

4e
0e

4 ef
0f

Post-harvest drilled

0e

2f

0e

0f

0e

0f

0e

0f

‘Elbon’ ryee

‘Ruzi’e

Untreated Check
a

Means followed by the same letter within a column are not significantly different using
Fisher’s protected LSD (α=0.05).
b
All combinations of crop and planting method/timing were planted as separate
treatments.
c
Planting timings based on soybean crop growth stage. R3, R5, and R7 timings were
broadcasted in-canopy.
d
Days after harvest.
e
‘Elbon’ rye, Secale cereale; ‘Ruzi’, Brachiaria ruziziensis; ‘Basilisk’, Brachiaria
decumbens var. ‘Basilisk’.
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EFFECT OF SOIL-APPLIED HERBICIDE TIMING ON COVER CROP SPECIES
Abstract
Recent developments in herbicide resistance have led to increased adoption of
soil-applied herbicides as an additional means of management. While advantageous in
weed control may be detrimental to fall cover crop establishment and growth.
Greenhouse studies were conducted at the R.R. Foil Plant Research Center in Mississippi
State, Mississippi, to evaluate the application timing effect of 10 commonly used soilapplied herbicides on ‘Elbon’ rye, tillage radish, and Brachiaria ruziziensis (‘Ruzi’) and
Brachiaria brizantha var. ‘Marandu’. Evaluations included plant density, visible injury,
and biomass. Results indicate that interactions among cover crop species and herbicides
were dynamic with respect to the effects of application timing on cover crop response.
Herbicide applications made prior to planting tillage radish and ‘Ruzi’ resulted negative
effects of at least one evaluation variable for application timings made 40 or fewer d
before planting (DBP). ‘Elbon’ rye planted at least 30 d after applications of fomesafen
and metribuzin resulted in no negative effects. Additionally, applications of s-metolachlor
and sulfentrazone, did not impact ‘Marandu’ establishment and growth when planting
occurred a minimum of 30 d after application.
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Nomenclature: fomesafen, metribuzin, s-metolachlor, sulfentrazone, ‘Elbon’ rye, Secale
cereale L.; ‘Ruzi’, Brachiaria ruziziensis; ‘Marandu’, Brachiaria brizantha var.
‘Marandu’
Keywords: residual effects, cultural weed management, organic

Introduction
Herbicides can be separated into two major use categories: foliar applied and soilapplied. Many foliar applied herbicides have minimal residual activity. Weed control
with these products is often short lived, so problematic weeds can re-emerge (Holloway
et al. 1996). Research has been conducted to determine if soil-applied herbicides could
offer advantages when used in conjunction with foliar applied herbicides. Knezevic et al.
(2009) found soil-applied herbicides tank mixed with foliar broadleaf herbicides,
controlled most problematic weeds in soybean. Other research suggests that soil-applied
herbicide use in glyphosate-resistant soybean may reduce the number of post-emergence
applications of glyphosate to one (Vangessel et al. 2001). Utilizing multiple herbicide
applications and over lapping residual periods of soil-applied herbicides could potentially
result in crops growing entire seasons without experiencing competition from
problematic weeds.
While increased weed control is advantageous, residual herbicides pose a concern
in cover crop establishment and management. Residual activity of herbicides varies
greatly in duration and in species affected (Horowitz 1969; Vangessel et al. 2001;
Whitaker et al. 2011). Soil-applied herbicides used during cropping may inhibit cover
crop establishment and growth. Research is limited on herbicide tolerance of cover crop
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species in terms of plant back restrictions. Therefore, choosing cover crop systems based
upon herbicide programs is can be a challenge.
Extensive research has been done over past decades exploring persistence of
multiple herbicides in soil solution (Mueller et al. 2014, Mueller and Steckel 2011,
Gallaher and Mueller 1996, Zimdal 1984, Savage 1977). Investigation into herbicide
persistence in soils has led to general plant-back restrictions included in herbicide labels
as well as extension publications (Barber et al. 2015). Most studies conclude that
herbicide soil persistence is dynamic. Factors influencing soil persistence include
chemistry applied, rainfall, soil type, organic matter, soil temperature, microbial activity,
soil fertility, etc. (Furmidge 1967, Loux 1993, Walker 1981). Additionally, individual
residual periods vary among plants and herbicide combinations; therefore, cover crop
recommendations following soil-applied herbicide applications are limited.
The objective of this study was to determine the effects of soil-applied herbicide
timing on cover crop establishment. It is hypothesized an application timing between 0
and 60 days before cover crop planting would hinder establishment and growth of the
crop. The purpose of this study was to develop an accurate recommendation for plant
back restrictions of cover crop species following common soil-applied herbicide
applications.
Materials and Methods
This study was repeated twice in a greenhouse at the R.R. Foil Plant Science
Research Center in Mississippi State, Mississippi (-88.781184, 33.470620).
Soil flats were prepared in a greenhouse and placed in a completely randomized
design with a factorial arrangement of treatments with three replications. Factor A
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consisted of 10 herbicides (Table 4.1) while factor B consisted of four herbicide
application timings: 7, 15, 30, and 60 days before cover crop planting (DBP). Factor C
consisted of four cover crops: Raphanus sativus (tillage radish), Secale cereale L.
(‘Elbon’ rye), Brachiaria brizantha var. ‘Marandu’, and Brachiaria ruziziensis (‘Ruzi’).
Soil flats 60 cm by 30 cm were filled with a silt loam soil (3% clay, 55% silt, 43%
sand) and subjected to 25/30 °C diurnal temperatures with a 12-hour photoperiod. Soil
moisture was maintained at field capacity within each flat by watering twice per day via
an automatic over-head watering system.
Herbicide treatments were applied at various time intervals included within factor
B. Herbicide treatments were applied using a two-nozzle research track sprayer (DeVries
Generation III Sprayer, Hollandale, MN. 56045) calibrated to deliver 140 L ha -1 with
XR11002 nozzles (TeeJet® Technologies, Springfield, IL) at 275.8 kPa. Treated dried for
10 minutes, then returned to the greenhouse. Flats were immediately watered after being
returned to the greenhouse to incorporate herbicides. On one designated date the four
cover crop species, were planted in each flat by digging small furrows within each flat
and placing approximately 50 seeds in individual furrows.
Cover crops were visually evaluated for herbicide injury every 7 days until 28
days after planting (DAP) on a 0 to 100 scale where 0 indicates no visible injury and 100
indicates complete stand loss. Values for injury ratings were based on overall plant
physical characteristics including stunted growth, chlorosis, necrosis, etc. Densities for
each crop within each flat was recorded 14 DAP. Additionally, after the final 28 DAP
evaluation, all above ground plant matter for each cover crop selection within each flat
was harvested and fresh biomass weights recorded. Prior to analysis, density and biomass
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data were normalized by transforming data points to represent a fraction of untreated
checks.
Data were subjected to ANOVA using R (version 0.98.1091, RStudio Inc.,
Boston, MA) and interactions of herbicide and application timing were regressed using
the “Loess” function. The resulting curves and confidence intervals were used to estimate
points of interest with 95% confidence. Points of interest include application timing
intervals to cause 25% injury and 20% reduction in density and biomass of individual
cover crop species. Because positive relationships exist between cover crop biomass and
health and weed management potential, cover crop injury greater than 25% and/or
biomass reduction greater than 20% would result in reduced weed management potential
by cover crops.
Results and Discussion
The main effect of run was not significant. Therefore, data were pooled across
both runs of the study. A three-way interaction of cover crop, herbicide, and herbicide
timing was significant; therefore, each crop species was subset into individual datasets
and were subjected to local non-parametric regression to explore interactions between
herbicide and application timing within each crop.
‘Elbon’ Rye
‘Elbon’ rye density results generally separated herbicides tested into two groups.
Herbicides with the greatest residual effect on ‘Elbon’ rye stand included acetochlor,
flumioxazin, pendimethalin, and sulfentrazone where 20% stand reduction occurred
beyond 60 days before planting (DBP) (Table 4.2). Remaining herbicides resulted in
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intervals of less than 30 days required to avoid 20% reduction (Table 4.2). Pyroxasulfone
and s-metolachlor resulted in the shortest intervals of 25 and 23 days respectively (Table
4.2). Both fomesafen and metribuzin resulted in the same interval of residual effect of 26
days (Table 4.2). Applications of clomazone and dimethenamid reduced stand by 20% or
greater when applied within 27 and 28 DBP respectively (Table 4.2).
Injury evaluations resulted in longer intervals of residual effects for several crop
and herbicide combinations. Acetochlor, fomesafen, metribuzin, s-metolachlor resulted in
intervals causing 25% injury or greater when applications occurred from planting to 27 to
33 DBP (Table 4.2). Herbicide treatments with the largest observable intervals to cause
25% injury were pendimethalin and flumioxazin with intervals that ranged from planting
to 46 to 52 DBP (Table 4.2). Applications of pyroxasulfone and sulfentrazone resulted in
greater than 25% injury for all application timings from planting to 60 DBP (Table 4.2).
Biomass yield of ‘Elbon’ rye 28 DAP indicated that combinations of herbicides
and cover crop varied with respect to reduction intervals. Most drastic residual effects on
‘Elbon’ rye biomass occurred from applications of acetochlor, s-metolachlor, and
sulfentrazone, where 20% reduction was observed for all application timings within this
study (Table 4.2). Flumioxazin applied 51 or more DBP also resulted in 20% or greater
injury (Table 4.2). Applications of dimethenamid made more than 39 DBP resulted in
injury equal or less than 20% (Table 4.2). An interval of 29 to 30 DBP was required
following applications of clomazone, metribuzin, or pyroxasulfone to result in only 20%
‘Elbon’ rye biomass reduction (Table 4.2). However, an interval of only 20 and 24 DBP
following applications of fomesafen and pendimethalin, respectively, resulted in a
residual effect on ‘Elbon’ rye biomass (Table 4.2).
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Tillage Radish
Crop densities of tillage radish indicated that extended intervals of residual
activity as a result of a recent soil-applied herbicide applications can have substantial
effects on radish establishment. Treatments of clomazone, dimethenamid, pyroxasulfone,
and sulfentrazone reduced tillage radish stand of 20% reduction at all applications
timings tested; therefore, tillage radish stand was reduced as a result of applications of
these herbicides beyond 60 days before planting (DBP) (Table 4.2). Applications of
acetochlor and s-metolachor similarly affected radish stand where 20% reduction or less
is estimated to occur when applications are made 31 and 34 days after treatment,
respectively (Table 4.2). Flumioxazin, fomesafen, metribuzin, and pendimethalin resulted
in the shortest intervals to avoid substantial reduction. Applications of these herbicides 24
to 26 DBP did not reduce stand by greater than 20% (Table 4.2).
Tillage radish injury 21 days after planting (DAP) in response to application
timing was more indicative of herbicidal effects in several herbicide by crop
combinations compared to density data. Applications of metribuzin and sulfentrazone
resulted in prolonged intervals of injury above 25%, regardless of application timing, thus
applications must be made more than 60 DBP to avoid significant injury (Table 4.2).
Applications of pyroxasulfone resulted in the shortest interval to cause 25% injury
between application timing and planting of 25 to 26 days (Table 4.2). Dimethenamid,
flumioxazin, and fomesafen applications intervals 42 to 50 DBP resulted in an estimated
25% injury (Table 4.2). Clomazone and s-metolachlor applications in the same intervals
of 51-53 DBP were required to avoid 25% injury from applications (Table 4.2).
Pendimethalin application required a slightly greater interval of 55 to 57 days (Table 4.2).
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Tillage radish biomass results at 28 DAP indicate applications of acetochlor,
flumioxazin, fomesafen, pyroxasulfone, and s-metolachlor resulted in the shortest interval
of reduction. Applications of these herbicides 27 to 29 DBP do not reduce radish biomass
by greater than 20% (Table 4.2). Applications of dimethenamid and pyroxasulfone
resulted in slightly greater intervals of 20% reduction, 33 and 34 DBP respectively (Table
4.2). Clomazone applications of resulted in the largest interval of 20% biomass reduction
of radish quantifiable by this study at 54 days (Table 4.2). Both metribuzin and
sulfentrazone produced greater than 20% reduction of radish biomass beyond 60 DBP
(Table 4.2).
Brachiaria brizantha var. ‘Marandu’
Densities of ‘Marandu’ show variable herbicide effects. Treatments of acetochlor,
dimethenamid, metribuzin, and pyroxasulfone resulted in 20% stand reduction out to 60
DBP (Table 4.3). Fomesafen also resulted in an extended residual effect on ‘Marandu’
stand where 20% reduction is estimated to occur in applications out to 46 DBP (Table
4.3). Treatments of clomazone, pendimethalin, s-metolachlor, and sulfentrazone resulted
in intervals of 20% stand reduction 24 to 27 DBP (Table 4.3), while flumioxazin did not
result greater than 20% biomass reduction for any application timing tested (Table 4.3).
Applications of fomesafen, pendimethalin, pyroxasulfone, s-metolachor, and
acetochlor made 25 to 31 DBP caused 25% injury or less 21 DAP (Table 4.3).
Dimethenamid and clomazone resulted in greater intervals of 25% or greater injury when
applied 29 to 42 DBP were required to avoid injury (Table 4.3). Applications of
metribuzin had longer residual effects requiring 44 to 50 DBP to avoid 25% or greater
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injury (Table 4.3). Applications of flumioxazin and sulfentrazone resulted in no visual
injury greater than 25% at any application timing (Table 4.3).
‘Marandu’ biomass taken 28 DAP indicate acetochlor and pyroxasulfone had the
greatest effect to cause 20% reduction extending beyond 60 DBP (Table 4.3). Other
herbicides with longer intervals were clomazone, flumioxazin, and metribuzin. A 20%
reduction is estimated to occur when applications occur within 40, 44, and 49 DBP,
respectively (Table 4.3). Dimethenamid, fomesafen, and pendimethalin treatments did
not reduce biomass by more than 20% when applications were made after 27 to 28 DBP
(Table 4.3). S-metolachlor and sulfenrazone resulted in slightly shorter intervals of 25
and 23 days respectively (Table 4.3).
Brachiaria ruziziensis
Densities of ‘Ruzi’ indicated that it is the most sensitive cover crop to herbicide
applications used in this evaluation. Metribuzin applications 27 DBP caused only 20%
stand reduction (Table 4.3). Pyroxasulfone is estimated to cause 20% or greater stand
reduction when applications occur within 42 DBP (Table 4.3). All other herbicide
treatments reduced ‘Ruzi’ stand by more than 20% beyond 60 DBP (Table 4.3).
Seven of the ten herbicides tested, fomesafen, pendimethalin, pyroxasulfone, smetolachor, acetochlor, clomazone, and metribuzin, resulted in 25% injury when applied
23 to 37 DBP (Table 4.3). Less than 25% injury was observed for all application timings
of dimethenamid, flumioxazin, and sulfentrazone (Table 4.3).
Residual periods of ‘Ruzi’ biomass reduction were greater compared to other
crops tested. Clomazone, pendimethalin, and s-metolachlor treatments reduced biomass
by 20% if applied 60 DBP (Table 4.3). Treatments of dimethenamid and flumioxazin also
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produced lengthy residual reduction intervals of 52 and 49 days, respectively (Table 4.3).
Slightly shorter intervals of estimated 20% or greater biomass reduction occurred in
applications of fomesafen, metribuzin, and pyroxasulfone made 40, 41, and 37 DBP,
respectively. (Table 4.3). Acetochlor and sulfentrazone treatments resulted in the least
residual effect on ‘Ruzi’ biomass where 20% reduction is estimated to not occur in
applications 30 and 28 DBP respectively (Table 4.3).
Conclusion
In conclusion, this research suggests that soil-applied herbicides residual effects
can impact cover crop establishment and growth. These results are complemented by
literature suggesting half-lives and dissipation gradients of herbicides tested within this
study space (Mueller et al. 2014, Mueller and Steckel 2011, Gallaher and Mueller 1996,
Zimdal 1984). Results were highly variable among cover crop and herbicide
combinations; however, several combinations resulted in intervals between application
and safe planting timings that are short enough to be utilized in common soybean
production systems and herbicide programs to produce a healthy fall cover crop. Late
summer/fall planting of ‘Marandu’ following early summer applications of flumioxazin,
fomesafen, pendimethalin, s-metolachlor, or sulfentazone could potentially be utilized
with minimal fear of residual herbicide effects. Cereal rye planted in fall following early
summer applications of clomazone, fomesafen, and metribuzin may also be a good
potential option.
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Table 4.1

Factor A: Herbicide treatments for studies exploring residual effects of
soil-applied herbicides on cover crop establishment and growth. a

Herbicide
Common Name

Trade name

Manufacturer

Rate

acetochlor

Warrant®

Bayer Crop Science (Research
Triangle Park, NC,
https://www.cropscience.bayer.us/)

2.53

clomazone

Command®
3ME

FMC (Philadelphia, PA,
https://www.fmc.com)

1.12

dimethenamid

Outlook®

BASF (Research Triangle Park,
NC, https://www.basf.com)

0.95

flumioxazin

Valor® SX

Valent (Leland, MS,
https://www.valent.com)

0.0715

fomesafen

Reflex®

Syngenta (Greensboro, North
Carolina, http://www.syngentaus.com/home.aspx)

0.42

metribuzin

Glory®

ADAMA (Raleigh, NC,
https://www.adama.com)

0.42

pendimethalin

Prowl®
H2O

BASF (Research Triangle Park,
NC, https://www.basf.com)

0.8

pyroxasulfone

Zidua ®

BASF (Research Triangle Park,
NC, https://www.basf.com)

0.119

s-metolachor

Dual
Magnum ®

Syngenta (Greensboro, North
Carolina, http://www.syngentaus.com/home.aspx)

1.37

sulfentrazone

Spartan ®

kg ai ha-1

FMC (Philadelphia, PA,
0.202
https://www.fmc.com)
a
All herbicide treatments applied at 140 L ha-1 using XR11002 nozzles at 275.8 kPa.
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Table 4.2

The effect of herbicide preplant application interval on ‘Elbon’ rye and
tillage radish injury, stand, and biomass.a

Crop
‘Elbon’ rye

Herbicideb
acetochlor
clomazone
dimethenamid
flumioxazin
fomesafen
metribuzin
pendimethalin
pyroxasulfone
s-metolachor
sulfentrazone

25% Injuryc

Days Before Planting
20% Stand
20% Biomass
Reduction
Reduction

------------------------------DBPd ---------------------------30-33
>60
>60
32-39
27
30
46-49
28
39
50-52
>60
51
27-29
26
20
26-28
26
29
51-54
>60
24
>60
25
29
27-30
23
>60
>60
>60
>60

tillage radish

acetochlor
44-55
31
28
clomazone
51-53
>60
54
dimethenamid
47-50
>60
33
flumioxazin
45-49
24
27
fomesafen
42-49
26
29
metribuzin
>60
24
>60
pendimethalin
55-57
24
34
pyroxasulfone
25-26
>60
27
s-metolachor
51-53
34
28
sulfentrazone
>60
>60
>60
a
Estimated number of days to cause crop response derived using local non-parametric
regression to estimate points of interest with 95% confidence.
b
All herbicide treatments applied at 140 L ha-1.
c
Injury results from 21 days after planting.
d
Days before planting.
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Table 4.3

The effect of herbicide preplant application interval on cover crop
Brachiaria injury, stand, and biomass.a

Crop
Brachiaria
brizantha var
‘Marandu’

Herbicideb
acetochlor
clomazone
dimethenamid
flumioxazin
fomesafen
metribuzin
pendimethalin
pyroxasulfone
s-metolachor
sulfentrazone

25% Injury

Days Before Blanting
20% Stand
20% Biomass
Reduction
Reduction

-----------------------------DBPc----------------------------28-31
>60
>60
29-37
24
40
29-42
>60
28
0
0
44
25-27
46
28
44-50
>60
49
26-27
27
27
26-31
>60
>60
26-27
27
25
0
26
23

Brachiaria
ruziziensis

acetochlor
27-30
>60
30
clomazone
25-27
>60
>60
dimethenamid
0
>60
52
flumioxazin
0
>60
49
fomesafen
23-25
>60
40
metribuzin
29-37
27
41
pendimethalin
26-27
>60
>60
pyroxasulfone
26-27
42
37
s-metolachor
26-27
>60
>60
sulfentrazone
0
>60
28
a
Estimated number of days to cause crop response derived using local non-parametric
regression to estimate points of interest with 95% confidence.
b
All herbicide treatments applied at 140 L ha-1.
c
Injury results from 21 days after planting.
d
Days before planting.
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